
TITLE OF THE INVENTION 

Method of Fabricating Semiconductor Device and Wafer Treatment 
Apparatus Employed Therefor as well as Semiconductor Device 
BACKGROUND OF THE INVENTION 



The present invention relates to a method of fabricating a 
semiconductor device and a wafer treatment apparatus employed therefor 
as well as a semiconductor device and a cleaning method after formation of 
a gate electrode, and more particularly, it relates to a method of fabricating 
10 a semiconductor device capable of attaining high etching selectivity and a 
cleaning method after formation of a gate electrode, a wafer treatment 
method employed for the fabrication method or the cleaning method and a 
semiconductor device obtained by the fabrication method. 
Description of the Prior Art 

15 HigE performance is required particularly to a transistor employed 

for a logic circuit or a system LSI (large-scale integrated circuit) among 
semiconductor devices. In order ttr-satisfy this requirement, the thickness 
of a gate insulator film of the transistor is set tp not more than 3 nm. 
Further, development is recently made for reducingHhe thickness of the 

20 gate insulator film below 2 nm. 

In etching for forming a gate electrode of the transistor, a conductive 
layer for defining the gate electrode is substantially etched under a 
condition having high selectivity for the gate insulator film, thereby 
preventing the thin gate insulator film from etching. 

25 In the etching for forming the gate electrode, a reaction product 

resulting from the etching adheres to the surfaces of the side walls of the 
gate electrode and the surface of a mask member for patterning the gate 
electrode. It has been recognized by observation with an SEM (scanning 
electron microscope) that such a reaction product adheres to the surfaces 

30 substantially in a conformal state. In order to ensure reliability of a 

semiconductor device, such a reaction product adhering to the surface of the 
gate electrode must be removed. 



5 



Field of the Invention 



In order to remove such a reaction product, wet cleaning employing a 
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chemical solution is generally performed. An exemplary method of 
fabricating a semiconductor device including this wet cleaning is now 
described. 

First, an insulator film for defining a gate insulator film is formed on 
5 a semiconductor substrate. A polysilicon film for defining a gate electrode 
is formed on the insulator film. A silicon oxide film for defining a mask 
member for forming the gate electrode is formed on the polysilicon film. 
The silicon oxide film is subjected to prescribed etching, for forming the 
mask member. 

10 Th^ polysilicon film is etched through the mask member in an 

atmosphere prepare<Lby converting a gas mixture containing Cl 2 and O2 or 
\ V HBr, CI2 and 0 2 , for example, to plasma thereby patterning the gate 

' electrode. In this patterning, a reaction, product adheres to the side wall 
1 surfaces of the gate electrode and the surface of the mask member. After 
15 formation of the gate electrode, the reaction product adhering to the gate 
electrode is removed by wet cleaning. 

It is known that the reaction product is mainly composed of a silicon 
% oxide such as SiOxCly or SiO*Br y when the polysilicon film is etched by 
i , converting the gas mixture containing Ck,and 0 2 or HBr, CI2 and O2 to 
20 plasma in particular. 

Therefore, the reaction product is removed by dipping the 
semiconductor substrate in a cleaning solution of diluted hydrofluoric acid 
(DBF) or aqueous ammonia peroxyhydrate (NH4OH + H2O2 + H2O: APM), 
for example. Thus, the reaction product is removed for forming the gate 
25 electrode. 

After the reaction product is removed, the mask member remaining 
on the gate electrode must be removed in order to electrically connect the 
gate electrode with a wire through a tungsten plug embedded in a contact 
hole, for example. 

30 This mask member is formed by a silicon oxide film such as a TEOS 

(tetraethyl orthosilicate glass) oxide film. Therefore, the mask member 
consisting of the silicon oxide film is removed by diluted hydrofluoric acid, 
for example. Thus, the silicon oxide film serving as the mask member is 
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removed for forming the gate electrode. 

However, the conventional method of fabricating a semiconductor 
device has the following problems: 

As hereinabove described, the reaction product adhering to the 
5 surfaces of the side walls of the gate electrode and the like when forming 
the gate electrode is mainly composed of a silicon oxide such as SiOxCly or 
SiO x Br y . The gate insulator film also consists of a silicon oxide obtained by 
oxidizing the silicon substrate. 

When the reaction product is removed by the cleaning solution of 
10 diluted hydrofluoric acid (DHF) or aqueous ammonia peroxyhydrate (APM), 
therefore, the gate insulator film is also etched. 

Therefore, a gate insulator film 102 located between a silicon 
substrate 101 and a gate electrode 103 may be partially etched to expose a 
corner portion of the gate electrode 103, as shown in a circle 105 in Fig. 27, 
15 for example. 

Therefore, a current leaks from the exposed corner portion of the 
gate electrode 103 to deteriorate electric characteristics of the transistor, 
disadvantageous^ resulting in reduction of reliability of the semiconductor 
device. 

20 When a reaction product is removed with aqueous ammonia 

peroxyhydrate (APM) in a gate electrode 103 having a polycide structure 
formed by a polysilicon film 103a and a tungsten silicide film 103b as 
shown in Fig. 28, for example, a side wall portion of the tungsten silicide 
film 103b may be also etched (side-etched) in addition to a gate insulator 
25 film 102 (a portion in a circle 105). 

In this case, the etched portion may not be filled up but define a void 
- ' X • , when the gate electrode 103 is covered with an interlayer isolation film, to 
' ' reduce the reliability of the semiconductor device. 

Further, the silicon oxide film serving as the mask member is 
30 removed by diluted hydrofluoric acid, as hereinabove described. However, 
the gate insulator film 102, also formed by a silicon oxide film, is 
simultaneously etched when the mask member is removed. 

Therefore, the gate insulator film 102 located between the silicon 



substrate 101 and the gate electrode 103 may be partially etched to expose 
another corner portion located under the gate electrode 103, as shown in a 
circle 105 in Fig. 29. 

Consequently, the current leaks from the exposed corner portion 105 
located under the gate electrode 103, to disadvantageous^ deteriorate the 
electric characteristics of the transistor similarly to the case of removing 
the reaction product. 
SUMMARY OF THE INVENTION 

The present, invention has been proposed in order to solve the 
aforementioned problems, and an object thereof is to provide a method of 
fabricating a semiconductor device attaining high selectivity in etching. 
Another object of the present invention is to provide a wafer treatment 
apparatus employed for such a method of fabricating a semiconductor 
device. Still another object of the present invention is to provide a 
semiconductor device obtained by such a method of fabricating a 
semiconductor device. 

A method of fabricating a semiconductor device according to a first 
aspect of the present invention comprises a wafer treatment step 
performing prescribed treatment on a first part having a prescribed etching 
property and a second part having an etching property different from the 
prescribed etching property, which are formed on a semiconductor 
substrate, in a chamber with gas for etching. The wafer treatment step 
includes an etching gas supply step of introducing the gas for etching into 
the chamber. Assuming that a time between introduction of the gas for 
etching into the chamber and starting of etching of the first part is referred 
to as a first starting time and a time between introduction of the gas for 
etching into the chamber and starting of etching of the second part is 
referred to as a second starting time longer than the first starting time, a 
time for carrying out the etching gas supply step is longer than the first 
starting time and shorter than the second starting time. 

According to this method, the time for carrying out the etching gas 
supply step is longer than the first starting time and shorter than the 
second starting time, whereby only the first part is etched before etching of 
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the second part is started. Consequently, the first part can be selectively 
etched substantially without etching the second part. 

More specifically, the time difference between the first starting time 
and the second starting time is preferably not more than about 5 seconds. 

In this case, only a reaction product can be selectively and efficiently 
removed without etching a gate insulator film, for example, as described 
later. 

Preferably, the method of fabricating a semiconductor device further 
comprises steps of forming an insulator film on the semiconductor substrate 
and forming a conductive region on the insulator film, the step of forming 
the insulator film includes a step of forming a gate insulator film, the step 
of forming the conductive region includes a step of forming a gate electrode 
part on the gate insulator film, the first part contains a reaction product 
generated before forming the gate electrode part for covering the surface of 
the gate insulator film and the surface of the gate electrode part, the second 
part includes the gate insulator film, and the gas for etching includes 
hydrofluoric acid gas. 

In this case, the reaction product adhering when forming the gate 
electrode part can be selectively etched substantially without etching the 
gate insulator film so that the reaction product can be selectively removed. 

Preferably, the wafer treatment step includes an added gas supply 
step of introducing reaction accelerating gas for further reducing the first 
starting time into the chamber before the etching gas supply step. 

In this case, the reaction accelerating gas reduces the first starting 
time, thereby increasing the time for etching the first part. Consequently, 
the time for the wafer treatment step can be reduced. 

More preferably, the added gas supply step and the etching gas 
supply step are alternately carried out in the wafer treatment step. 

When the added gas supply step and the etching gas supply step are 
alternately earned out, the first part can be reliably selectively removed 
while leaving the second part. 

Preferably, the added gas supply step is continuously carried out also 
after the etching gas supply step is started in the wafer treatment step. 



In this case, the etching rate in the etching gas supply step can be 
improved for reducing the time for the wafer treatment step. 

Preferably, the wafer treatment step includes an evacuation step of 
evacuating the chamber, and the evacuation step is not carried out at least 
while the etching gas supply step is carried out. 

In this case, the internal pressure of the chamber is increased in the 
etching gas supply step as compared with the case of regularly carrying out 
the evacuation step, so that the first part can be effectively etched. 

Preferably, the method of fabricating a semiconductor device further 
comprises steps of forming a conductive layer on the semiconductor 
substrate through a gate insulator film, forming a layer for defining a mask 
on the conductive layer, etching the conductive layer through a mask of the 
layer for defining a mask thereby forming a gate electrode and removing 
the layer for defining a mask remaining on the gate electrode after 
formation of the gate electrode, while the wafer treatment step includes a 
step of removing the layer for defining a mask, the first part includes the 
layer for defining a mask, the second part includes the gate insulator film, 
and hydrofluoric acid gas is supplied as etching gas in the etching gas 
supply step. 

In this case, the layer for defining a mask can be selectively etched 
substantially without etching the gate insulator film when removing the 
layer for defining a mask employed for patterning the gate electrode, for 
selectively removing the layer for defining a mask. 

Preferably, the etching gas supply step is repetitively carried out in 
the wafer treatment step. 

If the layer for defining a mask cannot be removed by single etching, 
therefore, the layer for defining a mask can be reliably removed without 
etching the gate insulator film by repeating the etching gas supply step. 

More preferably, the wafer treatment step includes an evacuation 
step evacuating the chamber, and the etching gas supply step and the 
evacuation step are alternately carried out. 

Thus, the pressure in the chamber is increased in the etching gas 
supply step, so that the layer for defining a mask can be effectively etched. 



A semiconductor device according to a second aspect of the present 
invention is fabricated by the method of fabricating a semiconductor device 
according to the first aspect. 

According to this semiconductor device, the first part is selectively 
etched with respect to the second part, whereby a reaction product adhering 
when forming the gate electrode, for example, can be removed substantially 
without etching the gate insulator film. Further, the layer for defining a 
mask for forming the gate electrode can be removed substantially without 
etching the gate insulator film. Consequently, the semiconductor device 
can be prevented from deterioration of electric characteristics. 

A wafer treatment apparatus according to a third aspect of the 
present invention is employed for performing prescribed treatment on a 
first part having a prescribed etching property and a second part having an 
etching property different from said prescribed etching property, which are 
formed on a wafer, with gas for etching, and comprises a chamber, an 
etching gas supply part and a control part. The chamber stores the wafer. 
The etching gas supply part supplies the gas for etching into the chamber. 
The control part controls supply of the gas for etching from the etching gas 
supply part into the chamber. Assuming that a time between introduction 
of the gas for etching into the chamber and starting of etching of the first 
part is referred to as a first starting time and a time between introduction 
of the gas for etching into the chamber and starting of etching of the second 
part is referred to as a second starting time longer than the first starting 
time, the control part has a function of supplying the gas for etching from 
the etching gas supply part into the chamber by a time longer than the first 
starting time and shorter than the second starting time. 

According to this wafer treatment apparatus, only the first part is 
etched before etching of the second part is started so that the first part can 
be selectively etched substantially without etching the second part. Thus, 
only a reaction product adhering when forming a gate electrode of a 
semiconductor device, for example, can be selectively removed by etching 
substantially without etching a gate insulator film, for preventing the 
semiconductor device from deterioration of electric characteristics. 




Particularly when the time difference between the first starting time 
and the second starting time is not more than about 5 seconds, the first 
part can be reliably selectively etched in the wafer treatment apparatus. 
Preferably, the wafer treatment apparatus further comprises an 
5 added gas supply part supplying reaction accelerating gas for reducing the 
first starting time into the chamber, and the control part includes a 
function of supplying the reaction accelerating gas from the added gas 
supply part into the chamber before supplying the gas for etching. 

In this case, the reaction gas accelerating gas reduces the first 
10 starting time, thereby increasing the time for etching the first part. 

Consequently, the time for treatment is reduced and the throughput of the 
wafer treatment can be improved. 

Preferably, the control part includes a function of alternately 
supplying the gas for etching and the reaction accelerating gas. 
15 In this case, supply of the gas for etching and supply of the reaction 

accelerating gas are so alternately carried out that the first part is 
repetitively etched and can be reliably selectively removed while leaving 
the second part. 

Further preferably, the control part includes a function of supplying 
20 the reaction accelerating gas also while supplying the gas for etching. 

In this case, the reaction accelerating gas is supplied while the gas 
for etching is supplied, whereby the etching rate for etching the first part 
can be improved. Thus, the time for the treatment is reduced and the 
throughput of the wafer treatment apparatus can be improved. 
25 Preferably, the wafer treatment apparatus further comprises an 

evacuation part evacuating the chamber, and the control part includes a 
function of not operating the evacuation part at least while supplying the 
etching gas. 

In this case, the internal pressure of the chamber supplied with the 
30 etching gas is increased as compared with the case of regularly evacuating 
the chamber, so that the first part can be effectively etched. 

A cleaning method after formation of a gate electrode according to a 
fourth aspect of the present invention removes a reaction product formed by 
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etching with hydrofluoric acid gas after forming a gate electrode patterned 
by etching with a mask on a semiconductor substrate through a gate 
insulating film. 

According to this cleaning method after formation of a gate electrode, 
the reaction product can be removed without scraping the gate insulator 
film. 

Preferably, the gate electrode consists of a film containing at least 
silicon. 

In this case, a reaction product resulting from formation of the gate 
electrode consisting of the film containing silicon is mainly composed of a 
silicon oxide, and can be reliably removed with the hydrofluoric acid gas 
without removing the gate insulator film. 

Preferably, the time for removing the reaction product with the 
hydrofluoric acid gas is within the reaction time difference between a time 
when the reaction product is scraped by the hydrofluoric acid gas and a 
time when the gate insulator film is scraped. 

In this case, only the reaction product can be removed without 
scraping the gate insulator film. 

Further preferably, the reaction time difference is repetitively set 
thereby removing the reaction product with the hydrofluoric acid gas. 

In this case, only the reaction product can be reliably removed. 
More specifically, the semiconductor substrate formed with the gate 
electrode is set in a chamber, and the reaction time difference is repetitively 
set by repeating steps of evacuating the chamber and charging the chamber 
with the hydrofluoric acid gas. 

Preferably, a set temperature for removing the reaction product with 
the hydrofluoric acid gas is set to a level lower than 40°C. 

In this case, reduction of the reaction time difference is so suppressed 
that only the reaction product can be relatively readily removed. The 
lower limit of the aforementioned set temperature is preferably about the 
room temperature. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following 
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detailed description of the present invention when taken in conjunction 

with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a wafer treatment apparatus 
according to a first embodiment of the present invention; 

Fig. 2 is a sectional view showing a step in a method of fabricating a 
semiconductor device according to the first embodiment; 

Fig. 3 is a sectional view showing a step carried out after the step 
shown in Fig. 2 in the first embodiment; 

Fig. 4 is a sectional view showing a step carried out after the step 
shown in Fig. 3 in the first embodiment; 

Fig. 5 is a sectional view showing a step carried out after the step 
shown in Fig. 4 in the first embodiment; 

Fig. 6 is a sectional view showing a step carried out after the step 
shown in Fig. 5 in the first embodiment; 

Fig 7 is a graph showing amounts of scraping of a reaction product 
and a gate insulator film with respect to an elapsed time from introduction 
of hydrofluoric acid gas into a chamber in the first embodiment; 

Fig 8 is a diagram for illustrating a method of fabricating (cleaning) 
a semiconductor device according to a second embodiment of the present 
invention; 

Fig. 9 is a sectional view showing a wafer treatment apparatus 
according to a third embodiment of the present invention; 

Fig. 10 is a sectional view showing a step in a method of fabricating a 
semiconductor device according to the third embodiment; 

Fig. 11 is a diagram for illustrating a treatment method according to 
the third embodiment; 

Fig. 12 is a sectional view showing a wafer treatment apparatus 
according to a fourth embodiment of the present invention; 

Fig. 13 is a diagram for illustrating a treatment method according to 
the fourth embodiment; 

Figs. 14 to 16 are first, second and third sectional views showing a 
reaction product etched m the fourth embodiment; 
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Fig 17 is a graph showing amounts of scraping of a reaction product 
and a gate insulator film with respect to a time from introduction of 

according to a fifth embodiment of the present invention; 

Z 19 is a diagram for illustrating a treatment method according to 

the fifth embodiment; 

Fl g 20 is a sectional view showing a wafer treatment apparatus 
according to a sixth embodiment of the present invention; 

Fig. 21 is a diagram for illustrating a treatment method according to 

4116 "re first, second and third sectional views showing a 

reaction product etched in the sixth embodiment; 

Fig 25 is a sectional view showing a step in a method of fabricating 
semiconductor device accordmgto the sixth embodiment 

Fig 26 is a sectional view showing a step in a method of fahncat ng 
semiconductor device according to a seventh embodiment of the present 

mVent F?gs. 27 and 28 are sectional views showing steps in a conventional 
method of fabricating a semiconductor device; and 

Fig 29 is a sectional view showing still another step m the 
conventional method of fabricating a semiconductor^ device. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
9 r First Embodiment 

A wafer treatment apparatus and a method of fabricating a 
semiconductor device with the wafer treatment aPP-tirs accord^ ^ ^ fa 
first embodiment of the present invention are now descnbecL £d«m 
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supplies hydrofluoric acxd gas into the chamber 1. The evacuation pipe 4 
evacuates the chamber 1. The wafer treatment apparatus further has a 
control part 1 1 controlling supply of the hydrofluoric acid gas. 

An exemplary method of fabricating a semiconductor device with the 
5 aforementioned wafer treatment apparatus is now described. As shown m 
Fig 2 a silicon oxide film 22 for defining a gate insulator film (up to 2 nm) 
is formed on a silicon substrate 1 by thermal oxidation, for example. A 
polysihcon film 23 for defining a gate electrode (up to 200 nm) is formed on 
the silicon oxide film 22 by CVD, for example. A silicon oxide film 24 for 
10 defining a mask member (up to 50 nm) is formed on the polysihcon film 23 
by CVD, for example. 

As shown in Fig. 3, a resist pattern 25 for forming the mask member 
is formed on the silicon oxide film 24. As shown in Fig. 4, the silicon oxide 
film 24 is etched through the resist pattern 25 serving as a mask, thereby 
15 forming an oxide film mask 24a for patterning the gate electrode. 
Thereafter the resist pattern 25 is removed. 

As shown in Fig. 5, the polysihcon film 23 is etched through the 
oxide film mask 24a in an atmosphere prepared by converting a gas 
mixture containing Cb and 0 2 or HBr, Cl 2 and 0 2 , for example, to plasma 
20 thereby forming a gate electrode 23a. In this etching, a reaction product 

26 adheres to the side wall surfaces of the gate electrode 23a, the surface of 
the oxide film mask 24a and the like. 

Then the adhering reaction product 26 is removed by the water 
treatment apparatus. First, the silicon substrate 21 is placed on the stage 
25 3 as the wafer 2, as shown in Fig. 1. Then, the evacuation pipe 4 

evacuates the chamber 1 and brings the same into a prescribed vacuum 
state Thereafter the control part 1 1 controls the hydrofluoric acid gas 
supply pipe 5 to supply hydrofluoric acid gas into the chamber 1 for 
bringing the hydrofluoric acid gas into contact with the wafer 2. 
30 The fluoric acid gas coming into contact with the wafer 2 reacts with 

the reaction product 26 thereby etching the reaction product 26 and 
removing the same from the side wall surfaces of the gate electrode 23a and 
the like, as described later. Thus, the gate electrode 23a from which the 
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reaction product 26 is removed is formed as shown in Fig. 6 

In the aforementioned method of fabricating a semiconductor device, 
the reaction product 26 adhering to the surface of the gate electrode 23a 
and the like is removed (cleaned) by the wafer treatment apparatus. Tins 
removal is now descnbed in detail. As shown in Fig. 7, there is time 
deference T (t2 - tl) between a time tl between supply of the hydrofluonc 
add gas into the chamber 1 and starting of etching (graph A) of the 
reaction product 26 and a time t2 between supply of the hydrofluonc acid 
gas and starting of etching (graph B) of the sfficon oxide film 22 for defining 
the gate insulator film. In other words, etching of the reaction product 26 
is precedently started. . 

This time difference T conceivably results from the following. It is 
known that the reaction product 26 is mainly composed of a silicon oxide 
such as SiCCl, or SiO,Br y when the polysilicon film 23 is etched 1 by 
converting a gas mixture containing CU and 0 2 or HBr, Ch and 0 2 to 
plasma for forming the gate electrode 23a. as hereinabove descnbecL 

Wlien the reaction product 26 consisting of a silicon oxide and the 
hydrofluonc acid gas react with each other, water (H 2 0) is ^neraW. 
men this reaction so progresses that the amount o the generated wa 
exceeds a certain level, the rate of etching (scrapmg) is abrup ly ^crea u. 
Comparing the reaction product 26 and the silicon oxide film 22 vn eadi 
other, this reaction more rapidly progresses on the reaction product 26 than 
on the silicon oxide film 22. 

Therefore, the time tl required by the water generated by reaction of 
the hydrofluonc acid gas and the reaction product 26 to reach a certain 
amount is shorter than the time t2 required by the water grated by 
reaction of the hydrofluoric acid gas and the silrcon oxrde film 22 to reach 
Te certain amount. It >s conceivable that etching of the reactionpro uct 
26 consequently starts precedently to etching of the silicon oxide film 22. 

When a time t for supplying the hydrofluonc acid gas into the 
chamber 1 is set to be longer than the time tl up to starting of etching of 
hereactionproduct26andshorterthanthetimet2uptostaningof 

etching of the silicon oxide film 22 for defining the gate msulator film 
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shown in Fig. 7, therefore, only the reaction product 26 can be selectively 
etched substantially without etching the silicon oxide film 22. 

Thus the reaction product 26 is etched substantially by a time 
corresponding to the difference between the times t and U. When the time 
t for supplying the hydrofluoric acid gas is extended to the time t2, the 
reaction product 26 is etched by a time corresponding to the maximum time 
difference T between the times tl and t2. 

At this time, the silicon oxide film 22 is not etched, and hence the 
silicon substrate 21 is not damaged. The times tl and t2 are preferably 
previously obtained by an experiment. 

Further, it has been proven that reaction between hydrofluoric acid 
gas and a reaction product or the like has temperature dependency and 
that the time difference T is unpractically reduced when the temperature in 
the chamber lis set in excess of 40°C. 

Thus it has been proven that the temperature in the chamber 1 is 
preferably set to at least the room temperature and less than 40°C. m order 
to etch the reaction product 26 with sufficient selectivity with respect to the 

silicon oxide film 22. A^nro 
In the aforementioned method of fabricating a semiconductor device, 
the gate electrode 23a is formed by the polysilicon film 23. However, i has 
Len proven that, also when the gate electrode 23a has a po ycide structure 
formed by a polysilicon film and a metal silicide film or the like, for 
example reactiL between the hydrofluoric acid gas and the metal sihcide 
fiTor the like hardly progresses and the side surfaces of the gate electrode 
23a are not etched (side-etched). 

Thus no voids are caused when the gate electrode 23a is covered 

with an interlayer isolation film but the semiconductor device is improved 

in reliability. 

Second Embodiment 

A method of fabricating a semiconductor device according to a second 
embodimentof the present invention .snow described It -yje^cult 
to completely remove the reaction product 26 through etching b the time 
corresponding to the time difference T described with reference to the first 
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embodiment. In this case, the reaction product 26 can be substantially 
completely removed by repeating introduction of the hydrofluoric acid gas 
and evacuation, as shown in Fig. 8. This is now described. 

In the step shown in Fig. 5 described with reference to the first 
5 embodiment, hydrofluoric acid gas is introduced (first time) into the 

chamber 1 by a time t longer than the time tl up to starting of etching of 
the reaction product 26 and shorter than the time t2 up to starting of 
etching of the silicon oxide film 22 , as shown in Fig. 8. The pressure of 
hydrofluoric acid gas stored in the chamber 1 is increased due to this 
10 introduction. Thus, only the reaction product 26 is selectively etched 

substantially without etching the silicon oxide film 22. Thereafter supply 
of the hydrofluoric acid gas is stopped. 

Then, the chamber 1 is evacuated through the evacuation pipe 4 and 
the inner part of the chamber 1 as well as the surface of the wafer 2 are 
15 cleaned as shown in Fig. 8. The pressure of the hydrofluoric acid gas is 

reduced due to this evacuation of the chamber 1. Further, water resulting 
from reaction between the hydrofluoric acid gas and the reaction product 26 
is removed. Then, hydrofluoric acid gas is introduced (second time) into 
the chamber 1 again by the aforementioned prescribed time t. Thus, the 
20 remaining reaction product 26 is selectively removed similarly to the first 
etching with the hydrofluoric acid gas. 

Thereafter the aforementioned operation (step) is repeated by a 
proper number of times, so that the reaction product 26 adhering to the 
surface of the gate electrode 23a can be substantially completely removed 
25 substantially without etching the silicon oxide film 22. 

According to this embodiment, the upper limit of the time for 
introducing the hydrofluoric acid gas is set to the time t2 up to starting of 
etching of the silicon oxide film 22. When the corner potion of the lower 
end of the gate electrode 23a is not exposed but the leakage current can be 
30 reduced or the side surfaces of the gate electrode 23a are not etched even if 
the silicon oxide film 22 is slightly etched, such a time can be set as the 
upper limit so that the reaction product 26 can be more efficiently etched. 
Third Embodiment 
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In the wafer treatment apparatus according to the first embodiment, 
the hydrofluoric acid gas is supplied for the toe t longer than th e to e U 
up to starting of etching of the reaction product 26 and shorter than the 
toe t2 up to starting of etchrng of the silicon made film 22. 

Depending on the condition of combination of the reaction product 26 
andt h rgate 1 nsulatorfilm,howeve r ,thetimed ] fferenceT(t2-t 1 ) ffi aybe 

not more than about 5 seconds. Therefore, on/off operations for 

oduong the hydrofluoric acid gas and evacuating the chamber 1 must 
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be performed at a higher speed. 
, 0 A third embodiment of the present invention is described with 

reference to a wafer treatment apparatus capable of selectively and reliably 

evacuating a chamber 1 when such a reaction toe difference T is relatively 
short (not more than about 5 seconds) and a method of fabricating a 
IB semiconductor device with the wafer treatment apparatus. 

As shown in Fig. 9, an HF supply pipe 5 is provided with a putae 
valve 6 in this wafer treatment apparatus. Acontrolpart 11 control, 
opemng/closmg of the pulse valve 6 in particular. The remaining 
structure of this wafer treatment apparatus is simflar to that o«" r 

embodiment Therefore, members identical to those shown in Fig. 1 are 
dlotd by the same reference numerals, and redundant description is not 

^Hydrofluoric acid gas can be suppUed into the chamber -1 L by an 
extremely short time of several 100 microseconds to severd 00 
milliseconds through the pulse valve 6 and the control part U. 

The method of fabricating a semiconductor device with this wafer 
treatment apparatus is now described. Steps up to that shown m F* 10 
r " those shown in Figs. 2 to 5 described with referee ,« . the 
1st embodiment. Thereafter a wafer to which a reaction product 26 
adheres is placed on a stage of the wafer treatment apparatus. 

Then an evacuation pipe 4 is opened to evacuate the chamber 1 and 
bn „g le same into a presented vacuum state. Thereafter the pulse valve 
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6 is opened by a time t longer than a time tl up to starting of etching of he 
ealn prodit 26 and shorter than a time t2 up to staring of etching fa 
I n ole film 22 for supplying hydrofluoric acid gas (first time) into the 

cumber 1. Thepressureofhydrofluoricaadgasstoredinthechamber 1 

is increased due to this supply of the hydrofluoric acid gas. 

Only the reaction product 26 i. selectively etched substantially 
wtthout etching the silicon oxide film 22 due to the supply of the 
hydrofluoric acid gas for the prescribed time. Water resulting from 
reaction between the hydrofluoric acid gas and the reaction product 26 is 
discharged from the chamber 1 through the evacuation pipe 4 

supplying hydrofluoric acid gas (second time) into the chamber 1 Thus, 
Z remling reaction product 26 is selectively removed simrlarly to the 
first etching with the hydrofluoric acid gas. 

Thereafter the operation (step) of the control part 1 controUin 
opening/closing of the pulse valve 6 is repeated by a proper numb r of times, 
thereby substantially completely removing the reaction product 26 
IX to the surface of a gate electrode 23a substantially without 

^So^ot ^ e aXscanbecorrectlysuppUedintothecha^ 
cont rol P art U. *^*£*^Z^>*«* 

lo pu se valve 6 was employed for supplying hydrofluoric acid gas y about 

milliseconds and stopping supply of the hydrofluoric acid gas for about 
"ue the time difference T (t2 - tf) was about x second with respect 
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inS ulator film in the aforementioned case, it has been proven that the wafer 

be employed. In this case tn hydro fluoric acid gas 

silicon oxide film 22. 

,«„,««„...*.—— »-™^ sscs 

moe 7 is provided with a pulse varveo. 

Added gas can be supphed into the chamber 1 
time of about several 100 microseconds to several 100 milliseconds by 
opening/closing the pulse valve 8. ^ 

The method of fabricating a . seniico^ to ^ shown 
treatment apparatus is now describe^ After s P & ^ tQ 

m Figs. 2 to 5 described with reference to the first em 
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which the reaction product 26 adheres is placed on a stage 3 of the water 
treatment apparatus. In flu. wafer treatment apparatus, added gas such 
as water vapor, for example, is introduced into the chamber 1 before 
supplying hydrofluoric acid gas. , ^ v i 

First an evacuation pipe 4 is opened for evacuating the chamber 1 
and bringing the same into a prescribed vacuum state. Thereafter the 
pulse valve 8 provided on the added gas supply pipe 7 rs <»«»edte 
supplying water vapor (H 2 0) into the chamber 1 by a prescribed time, as 
shown in Fig. 13. The water vapor supplied into the chamber 1 is 
adsorbed to the surface of the reaction product 26, as shown m Fig 

Then the pulse valve 6 is opened for a tune t longer than a time tl 
up to starting of etching of the reaction product 26 and shorter than a time 
t2 up to starting of etching of a Silicon oxide film 22 for supplying 
hydrofluoric acid gas (first time) into the chamber 1, as shown in Fig. 13. 
The pressure of gas stored in the chamber 1 is increased due to the 
introduction of the water vapor and the hydrofluoric aad gas. 

As shown in Fig. 15, the supplied hydrofluoric acid gas rea ts With 
the reaction product 26 to generate SiF 4 and H,.0 for ^ 
reaction product 26. As shown in Fig. 16, the generated SiF, and _*0 and 
adsorbed water are discharged from the chamber 1 through a discharge 

PiPC ' Then, the pulse valve 8 is opened again for supplying 
(second time) into the chamber 1. so that the water vapor rs adsorbed to the 
uTc ofthereactionproduct26. Then, the puise valve 6 rs opened agaui 
for supplying hydrofluoric add gas (second time) into the chamfer 1. Thus, 
toi supplying y selectively removed similarly to the 

the remaining reaction product 26 is selectively iei 
first etching with the hydrofluoric acid gas. 

The operation (step) of the control part U controUing opemng/c posing 
of t hepulsevalves6and8is repeated by a proper numbei -of 
the reaction product 26 adhering to the surface of a gate 
be substantially completely removed substantially without etching the 

SlUC ° n Jo* wafer treatment apparatus supplying water vapor 
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before supplying hydrofluoric acid gas, water is adsorbed to the surface of 
the reaction product 26. Thus, the reaction product 26 is substantially 
etched with ions of hydrofluoric acid (HF). Water (H 2 0) adsorbed to the 
surface of the reaction product 26 prompts ionization of the hydrofluoric 
acid gas supplied into the chamber 1. Thus, the time tl up to starting of 
etching of the reaction product 26 is reduced as compared with the case 
where no water is adsorbed to the surface of the reaction product 26. 

The silicon oxide film 22 covered with the reaction product 26 
substantially in a conforms! state hardly adsorbs water. Therefore, the 
time t2 up to starting of etching of the silicon oxide film 22 with the 
hydrofluoric acid gas is hardly influenced. 

As shown in Fig. 17, the time tl up to starting of etching of the 
reaction product 26 is reduced to a time t3. while the time t2 up to starting 
of etching of the silicon oxide film 22 remains substantially unchanged. 
Thus the time for substantially etching the reaction product 26 is 
elongated from the time T to a time Tl, whereby the reaction product 26 
can be selectively completely removed with a mailer number of time. > for 
repeating the aforementioned operation regardless of the time (e.g., t2) for 
supplying the hydrofluoric acid gas. 

While supply of the added gas is started/stopped through the pulse 
valve 8 in this wafer treatment apparatus, water vapor can be adsorbed to 
the reaction product 26 for attaining the aforementioned effect also when 
employing a flow controller or the like capable of changing conductance in 
the added gas supply pipe 7 at a high speed. 
25 Fifth Embodiment 

A fifth embodiment of the present invention is now described with 
reference to a wafer treatment apparatus intermittently -— a 
chamber 1 in particular and a method of fabricating a semiconductor device 
with the wafer treatment apparatus. 
30 As shown in Fig. 18, an evacuation pipe 4 is provided with an 

evacuation pulse valve 9 in this wafer treatment apparatus. A » ntro1 

art 1 1 conLs opening/dosing of a pulse valve 6 as well as the evacuation 
pulse valve 9. The remaining structure of this wafer treatment apparatus 
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is similar to that of the wafer treatment apparatus shown in Fig. 9 
described with reference to the third embodiment. Therefore, members of 
the wafer treatment apparatus identical to those shown in Fig. 9 are 
denoted by the same reference numerals, and redundant description is not 

5 repeated. , 
The control part 11 controls opening/closing of the pulse valve 6 and 
the evacuation pulse valve 9, for alternately supplying hydrofluoric acid 
gas and evacuating the chamber 1. As shown in Fig. 19, the chamber 1 is 
not evacuated while the same is supplied with hydrofluoric acid gas, and no 
10 hydrofluoric acid gas is supplied while the chamber 1 is evacuated. 

Thus, the chamber 1 is not evacuated while the same is supplied 
with the hydrofluoric acid gas, whereby the internal pressure of the 
chamber 1 supplied with the hydrofluoric acid gas is increased as compared 
with the case where the same is regularly evacuated. Thus, etching is so 
15 prompted that a reaction product 26 can be efficiently removed. 

The method of fabricating a semiconductor device with this water 
treatment apparatus is now described. 

After steps similar to those shown in Figs. 2 to 5 described with 
reference to the first embodiment, a wafer to which the reaction product 26 
20 adheres is placed on a stage 3 of the wafer treatment apparatus. 

As shown in Fig. 19, the evacuation pipe 4 is opened for evacuating 
the chamber 1 and bringing the same into a prescribed vacuum state, and 
thereafter this evacuation is stopped. Then, the pulse valve 6 for 
hydrofluoric acid gas is opened for supplying hydrofluoric acid gas (HF) 
25 into the chamber 1. 

In this case, the hydrofluoric acid gas pulse valve 6 is opened by a 
time t longer than a time tl up to starting of etching of the reaction product 
26 and shorter than a time t2 up to starting of etching of a silicon oxide film 
02 for supplying hydrofluoric acid gas (first time) into the chamber 1. 
30 As shown in Fig. 19, the chamber 1 is not evacuated while the same 

is supplied with the hydrofluoric acid gas. The pressure of gas stored m 
the chamber 1 is increased due to the supply of the hydrofluoric acid gas. 
The supplied hydrofluoric acid gas reacts with the reaction product 
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26 to generate SiF< and H 2 0, for selectively etching the reaction product 26. 
After the hydrofluoric acid gas is supplied for a prescribed time, the 
hydrofluoric acrd gas pulse valve 6 is closed. Then, the evacuation pulse 
valve 9 is opened for evacuating the chamber 1 for a proper tone At this 
5 time SiF< and H 2 0 generated in the chamber 1 and water adsorbed to the 
reaction product 26 are discharged from the chamber 1. After the chamber 
1 is evacuated for a proper time, the evacuation pulse valve 9 is closed^ 

Then the hvdrofluork acid gas pulse valve 6 rs opened for supplying 
hydrofluoric acid gas (second time) into the chamber 1. Thus, the 
10 remaining reaction product 26 is selectively removed similarly to the first 
etching with the hydrofluoric acid gas. 

Thereafter the operation of the control part 11 controlling 
opening/closing of the hydrofluoric acid gas pulse valve 6 and the 
evacuation pulse valve 9 is repeated by a proper number of times so that 
15 the reaction product 26 adhering to the surface of a gate 

be substantially completely removed substantially without etching the 
silicon oxide film 22. ^ 

In particular, the chamber 1 is not evacuated while the same is 
supplied with the hydrofluoric acid gas as shown m rig. 19, whereby the 
20 internal pressure of the chamber 1 supplied with the hydrofluoric acid gas 
1S increased as compared with the case where the same rs regu arly 
evacuated. Thus, etching of the reaction product 26 is prompted dunng 
L first supply of thehydrofluoricacidgas, so that the reaction product 26 
can be selectively substantially completely removed by repeating the 
25 aforementioned operation by a smaller number of times. 

While the evacuation pipe 4 is provided with the evacuation pulse 
valve 9 in the wafer treatment apparatus according to this embodiment, a 
conductance valve or the hke capable of changing conductance in the 

evacuation pipe 4 at a high speed may be employed m place of the 
30 evacuation pulse valve 9. 

Sixth Embodiment 

A sixth embodiment of the present invention is now described with 
reference to a wafer treatment apparatus intermittently supplying 
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hydrofluoric acid gas and added gas and intermittently evacuating ; a 
chamber 1 and a method of fabricating a sennconductor devrce w>th the 

W " er rr;n\r F rro S a hy dro fl uo rrcac, gas supply prpeSrs provided 
with a hydrofluoric acid gas pulse valve 6 in this wafer treatment 
Tparatus Further, an added gas supply pipe 7 rs provided with an added 
;i:prevalve8. I„add 1 t 1 o„,anevacuat 1 onp 1 pe4 1 sprovidedw 1 than 

pulse valve 6, the added gas pulse valve 8 and the evacuation pulse valve 9, 
for regularly supplying hydrofluorrc acrd gas, supplyrng added gas and 
evacuating the chamber 1. 

As shown in Fig. 2 1, the chamber 1 is not evacuated wWe the same 
is supplied with the hydrofluoric aad gas or the added gas, and no 
is supplied w , , b ! whi ie the added gas is 

hydrofluoric acid gas is supphed to the chambei 

— Seating a semiconductor de.ee wrth this waier 
treatment apparatus rs now described. After steps smrrlar » 
in Figs. 2 to 5 described with reference to the first embedment, a wafer 
which a reaction product 26 adheres i, placed on a stage of the wafer 

^"nTiramber f rs evacuated through the evacuation pipe 4 and 
brought into a prescribed vacuum state, and thereafter thrs evacuation rs 
XpedasloLrnFr^, Then, the added gas pulse valve 8 rs opened 
for supplyrng water vapor (first time) into the chamber L 

P The hydrofluorrc acrd gas pulse valve 6 is opened 
hydrofluorrc add gas (HF) int. the chamber 1 for » jT " 

vapor supphed into the chamber 1 is adsorbed to the surface of the reaction 

hy a til t lo/ger than a time t ! up to starting of 

product 26 and shorter than a time t2 up to starting of etching of a srbcon 
oLde film 22. The internal pressure of the chamber 1 „ creased due to 
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the supply of the water vapor and the hydrofluoric acid gas, as shown in 
HS ' ''As shown in Fig. 23, the supplied hydrofluoric acid gas reacts , with 

w ater vapor and the hydrofluonc acid gas as ^ ^£ 
the internal pressure of the chamber 1 is mcreased due to the supp y 
water vapor and the hydrofluoric add gas. prescribed ^e, the 

After the hydrofluoric acid gas is supplied for a prescnoeu 
After tnenyur Then, the evacuation pulse 

hydrofluoric acid gas pulse valve 6 is closeo. . 

valve 9 is opened for •^^^^ ^ adsorbed to the 
rSL'SSr - a proper time, the evacuation pulse 
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etching with the hydrofluonc acid gas. rontro lling 
The serial operation (step) of the control part 11 controlling 



the time up to starting of etching of the silicon ox.de W « 
substantially unchanged as described with reference to the fourth 

product 26 is increased regardless of the time (e.g., t2) for supplyrng the 

5 ^"LTthflraher f is not evacuated whrle the same is supplied 
with the hydrofluoric acid gas and the water vapor as described with 

to the fifth embedment, whereby the internal pressure of the 
chamber 1 supplied with the added gas and the hydrofluoric acid ga» is 
10 nclsed as Spared with the case where the same i. regularly evacua ed. 
Thus etching of the reaction product 26 i. prompted during sup pl y of the 
hydrofluoric add gas, and the etching rate is improved 

Thus the time for substantially etching the reaction product 26 by 
sunclvrng the hydrofluoric acid gas is increased and the etching rate rs 
15 ZoCd, whereby the reaction product 26 can be selectively su — 
completely removed by repeating the aforementioned operation by a 
smaller number of times. 

After the reaction product 26 is removed, a silicon oxide film 24a 
serving as a mask member shown in Fig. 25 must be removed. In thi case, 
20 wa™r vapor rs first supplied into the chamber 1 followed by supp* of the 
hydrofluoric acid gas, while the etching rate for the silrcon oxid fita 24a 
can be improved by continuously supplying the water vapor also after 
supplying the hydrofluoric acid gas. 
Seventh Embodiment 

Each of the above embodiments has been descnbed With referent t 

A seventh embodiment of the present invention is described wi h ^r ference 
to a method of removing a mask member for patterning a ^*ode. 

apparatus similar to that shown in Fig. 1, for example. 
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Then hydrofluoric acid gas is supplied into the chamber 1 As 
, n in Fie 26 the hydrofluoric add gas comes into contact with the 

SmCOn ;teSt now described in detail. As shown in W th« * 
m (f9 tn between a time tl between supply ot the 

of the ^con oxide film 24a and a time t2 for starting etching a gate 
n ulaior film 22 (graph B). In other words, etching of the silicon oxide 

This time difference T conceivably results from the following. The 
■v mI". serving as a mask member rs generally prepared from 
silicon oxide film J.4a serving a=> 

aTEOS oxide film formed by CVD, for example. On th, other^ h , 
gate insulator film 22 is prepared from a silicon oxide film formed by 
thermally oxidizing a silicon substrate 21. 

It s known that a TEOS oxide film has a large content of an 
i mpU ii such as an OH group or water (H 2 0) than a silicon oxide film 
formed by thermaHy oxidizing . silicon — te ' a slUcon 

As hereinabove described, water (H 2 0) is general 



corner portion located under the gate electrode 23a is exposed. The times 
tl and t2 are preferably previously obtained by an experiment also m this 



case 



If it is difficult to remove the silicon oxide film 24a by single 
treatment, the treatment of the treatment time t may be repeated by a 
proper number of times as described with reference to the second 
embodiment, for example, so that the silicon oxide film 24a can be 

upletelv removed substantially without etching the gate insulator film 



con 
22. 



!U The time t2 up to starting of etching of the gate insulator film 22 is 

set as the upper limit of the time for introducing the hydrofluoric acid gas. 
When neither the corner portion located under the gate electrode 23a is 
exposed nor a leakage current is caused even if the gate insulator film 22 is 
slightly etched, however, such a time can be set to the upper limit. 
15 While the silicon oxide film 24a serving as a mask member is 

selectively removed with respect to the gate insulator film 22 in the above 
description, a reaction product 26 and the silicon oxide film 24a can be 
simultaneously removed if the time tl up to starting of reaction of the 
reaction product 26 caused when patterning the gate electrode 23a is 
20 shorter than the treatment time t for removing the silicon oxide film 24* 
Thus cleaning after formation of the gate electrode 23a and removal of the 
silicon oxide film 24a serving as a mask member can be carried out m a 

single step. . 

While water vapor is employed as the gas for prompting reaction m 

25 each of the aforementioned embodiments, oxygen (0 2 ), ozone (O.), nitrogen 
(N,) inert gas such as helium (He) or neon (Ne) or alcohol such as CHsOH 
may alternatively be employed in place of the water vapor. 

While the reaction product 26 generated when forming the gate 
electrode 23a is removed in each of the aforementioned embodiments, the 

30 wafer treatment apparatus according to the present invention is also 

applicable for selectively etching a TEOS film with respect to a thermal 
oxide film, selectively etching a BPTEOS (borophosphotetraethyl 
ossificate glass) film with respect to a TEOS film or selectively etching a 
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BPSG (borophosphosilicate glass) film with respect to a PSG 
(phosphosilicate glass) film, for example. 

For example, it has been confirmed that the difference between 
reaction starting times of a BPSG film and a PSG film is about 1 second 
5 and the BPSG film can be selectively etched with respect to the PSG film by 
setting a time for supplying hydrofluoric acid gas to not more than about 1 
second. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
10 example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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